
-M-Ai40 421 MONKEY RED BLOOD CELLS FROZEN WITH 48Z (IVY) GLYCEROL i/1
AND STORAGE AT -99C(IJ) BOSTON UNIV MA SCHOOL OF
IIEDICINE C R YALERI ET AL- e7 JUN 82 BUSH-92-i2

UINCLSSIFIED N@8914-79-C-08168 F/0 6112 NL

II..



-W 12__jN

DI c 1.25 11.214 111
Q J&1111

Lm .

.1.

.5%7



OFFICE OF NAVAL RESEARCH

CONTRACT NOOO14-79-C-0168

TECHNICAL REPORT NO. 82-12

MONKEY RED BLOOD CELLS FROZEN WITH 40% (w/v) GLYCEROL

AND STORAGE AT -80 C

by

C. R. VALERI, D. A. VALERI, A. GRAY, P. D. LEAVY,

T. J. CONTRERAS, AND J. R. LINDBERG

I.,

NAVAL BLOOD RESEARCH LABORATORY
BOSTON UNIVERSITY SCHOOL OF MEDICINE

615 ALBANY STREET

BOSTON, MA 02118

DTIC
S ELECTE

APR 25 384

7 June 1982 0
Reproduction in whole or in part is pemitted for

any purpose of the United States Government

Distribution of this report is unlimited.

84 04 23 006
.L 

TT -, .. ... ..... , e;.. -.- - . " - '- ',-', .' ,'',-','- .'-,'.. .-.. . . .,,.."..",.. . . . .'.. .,.. . . . .'.-." 'j''"



UNCLASSIFIED
, -.e, ECUAITY CLASSIFICATION OF THIS PAGE (When Data Eneraed)

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

-.. :NBRL, BUSM 82-12

0 CL RE I 4S. TYPE OF REPORT & PERIOD COVERED

G E ANtbuh[OD CELLS FROZEN WITH 40% (W/V) Technical Report

6. PERFORMING ORO. REPORT NUMBER

7. AUTHOR(*) S. CONTRACT OR GRANT NUMBER(e)

C. Robert Valeri, David A. Valeri, Alan Gray,
Paul D. Leavy, Thomas J. Contreras, and J. Robert N00014-79-C-0168
Lindberg
.ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

*PRFRMING ORGANIZATION NAME AND ARADDRESUNTSUMER
* "'" Naval Blood Research Laboratory• :']Boston University School of Medicine

615 Albany St., Boston, MA 02118
I1. CONTROLING OFFICE NAME AND ADDRESS t2. REPORT DATE
Naval Medical Research and Development Conmand 7 June 1982
Bethesda, Maryland 20014 13. MUMMEROF PAGES

14. MONITORING AGENCY NAME & ADDRESS(if diffetent from Control ln Office) IS. SECURITY CLASS. (of thle tpoft)

Bureau of Medicine and Surgery UNCLASSIFIED
Department of the Navy
Washington, D. C. 20372 Is&. OEC, ASSI FICATIONI/OOWNGRADONG

SSCOULE

". DISTRIBUTION STATEMENT (of this Regal)
Approved for public release and sale. Distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ahaliact enteed in Slek .l diforena brno 1h0100)

1S. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on revee. side I na.ceeem1 and IdenItlY by block twi ba)
Monkey red blood cells Liquid-preservation
Freeze-preservation Blood volume
Blood
Primates

20. ABSTRACT (Continue on toes se lt i neceasm and IdentiY by block nib")

Red blood cells of Rhesus monkeys cryopreserved with 40% (w/v) glycerol and
storage at -80 C had freeze-thaw-wash recovery values of 87%, 24-hour post-
transfusion survival values of 85%, and lifespan values of 13 days. Our data
show that the monkey is an excellent model in which to study liquid and
freezing methods of preserving RBC before conducting tests in humans.

DD I N 1473 EDITION OF I NOV 65IS OBSOLETE UNCLASSIFIED
S/N 010-LF014 SECURITY CLASSIFICATION OP THIS PAGE (When Date Entered)

r ,:. .,.+:- .-;, :. -;,. ,,./':::-a



SUM4MARY

Red blood cells of Rhesus monkeys cryopreserved with 40% (w/v) glycerol

and storage at -80 C had freeze-thaw-wash recovery values of 87%. 24-hour

posttransfusion survival values of 85%, and lifespan values of 13 days.

Our data show that the monkey is an excellent model in which to study liquid

and freezing methods of preserving RBC before conducting tests in humans
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rNTRODUCTION

Monkeys, as well as chimpanzees, gibbons, and baboons, have been used

to study methods of preserving RBC in the liquid and frozen states,
1 6

and the RBC of monkeys have been shown to act similarly to human RBC

• .when treated with a solution of inosine, pyruvate and inorganic phosphorus

to increase red cell 2,3 DPG levels.7 The monkey also has been shown to

be useful as an experimental model for the evaluation of pharmacologic

methods used in the in vivo alteration of the RBC oxygen-hemoglobin

equilibrium curve. 8

This paper reports the successful freeze-preservation of the RBC of

V Rhesus monkeys using 40% (w/v) glycerol and frozen storage at -80 C.

The recovery of RBC after the freeze-thaw-wash procedure and the survival

of fresh and cryopreserved monkey RBC are reported.

S.
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MATERIALS AND METHODS

Five male Rhesus monkeys (Macacca Mulatta) weighing about 12 kg were

bled 100 ml volumes of blood; some of the units were studied as fresh RBC

and some as cryopreserved RBC. The blood was collected under sterile
- I

conditions into 14 ml of citrate-phosphate-dextrose (CPD) anticoagulant

in a 300 ml polyvinylchloride (PVC) plastic bag and was stored at 4 C for

4 to 6 hours.

Cryopreserved RBC were prepared as follows: The blood was placed

in a plastic overwrap and incubated in a water bath maintained at 37 C

for 30 minutes to warm to a temperature of 22 C to 30 C. Following this

period of incubation, the blood was centrifuged at 4200 rpm (4500 X g)

for 5 minutes in a refrigerated centrifugea maintained at 22 C, and all

the plasma was expressed into a transfer pack. Fifteen ml of 0.9% sodium

chloride solution was added to eliminate spontaneous agglutination of the

RBC.

The RBC were glycerolized to a final concentration of 40% (w/v) and

frozen and stored at -80 C. A 6.2 M glycerol solution containing per

100 ml: 57.1 g glycerol, 0.03 g potassium chloride, 0.04 g magnesium

-:: chloride, 1.6 g sodium lactate, and 0.08 g disodium phosphate, adjusted

to a pH of 6.8, was added to the RBC as follows: Using a modified Eberbach

shaker, a weight of the glycerol solution equal to the weight of the RBC-

sodium chloride mixture was added in 5 steps. In each of the first two

additions, 10% of the total glycerol solution was added over a 5-minute

aRC-3, DuPont Instruments, Newtown, CT
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period with mixing, followed by a 10-minute period of equilibration at

room temperature without mixing. In the third and the fourth additions,

25% of the total glycerol was added over a 5-minute period with mixing,

followed by 5 minutes of equilibration at room temperature without mixing.

In the fifth addition, the last 30% of the glycerol was added over a 5-

minute period with agitation, followed by a 10-minute period of

equilibration without agitation.

The glycerolized RBC were transferred to a polyolefin plastic bag,

placed in an aluminum container, and frozen in a -80 C mechanical freezer.

The frozen RBC were stored at -80 C for up to 42 days.

Thawing and Washing--The frozen RBC were thawed with mechanical agitation

in a 37 C water bath in about 5 minutes. Then a 12% sodium chloride

solution equivalent to 25% of the weight of the RBC-glycerol mixture was

added with manual agitation in about 2 minutes, followed by equilibration

at room temperature for 10 minutes without mixing. Next, a volume of

1.6% sodium chloride solution equivalent to 200% the weight of the RBC-

glycerol mixture was added slowly in 4 equal parts, each addition taking

about 2 minutes and each followed by 5 minutes of equilibration at room

temperature without mixing.

Upon completion of the dilution process, the RBC were recovered in

the washing bag of the IBM Blood Processor 2991-1 or 2991-2.b The recovered

RBC were concentrated by centrifugation at 3000 rpm for 2.5 minutes, andq ,

the supernatant solution was decanted at a rate of 450 ml/min. The rate

of pump restoration was set at 300 ml/min, and the supernatant volume was

.: bB Corp., Princeton, NJ
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adjusted to 600 ml.

A 250 ml volume of 1.6% sodium chloride was added to the RBC with

mixing. Following concentration of the RBC at 3000 rpm for 1.5 minutes

and decantation of the supernatant solution, another 250 ml volume of

1.6% sodium chloride was added to the RBC as described above. The RBC

were diluted twice, each time with a 250 ml volume of sodium chloride

(0.9 g/dl)-glucose (0.2 g/dl)-Na2HP04 (0.065 g/dl) added with agitation

at 100 ml/min and each followed by centrifugation to remove the supernatant

solution. The PCV was adjusted to approximately 40% by the addition of

50 ml of NaCl-glucose-phosphate solution. The washed RBC were transferred

to a 300 ml transfer pack and stored at 4 C for 24 hours prior to auto-

transfusion.

In Vitro Measurements--In vitro recovery values were measured after the

freeze-thaw and freeze-thaw-wash procedures, and extracellular potassium

and supernatant hemoglobin levels were measured as previously described.9,10

Both on the day of blood collection and on the day of RBC postthaw washing,

measurements were made of RBC mean corpuscular volume (MCV, u3), mean

corpuscular hemoglobin (MCH, uug), mean corpuscular hemoglobin concentration

(MCHC, %), RBC sodium, potassium, 2,3 DPG, ATP, and P50 values, as

previously described. 9
10

In 3 monkeys autotransfused with fresh 51Cr-1abeled red blood cells,

plasma volume was measured using 125I-labeled albumin, and total body

hematocrit was calculated.11 The blood for these studies was collected

in acid-citrate-dextrose (ACD, NIH, Formula A), labeled with sodium 51Cr

chromate, and reinfused to the monkeys within 4 hours of collection. The

4...
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factor (f factor) relating the peripheral venous hematocrit to the total

body hematocrit was derived.12 Washed previously frozen RBC also were

autotransfused, and 24-hour posttransfusion survival was measured by the
51Cr labeling technique. The RBC volume was estimated from the plasma

volume measured using 1251-labeled albumin, and the total body hematocrit

was calculated from the peripheral venous hematocrit multiplied by the

"f" factor.5,6 The TSO values for both the fresh and the washed

previously frozen RBC were determined from the time required for the

removal of 50% of the RBC-associated radioactivity after transfusion.

The index of therapeutic effectiveness of cryopreserved RBC was calculated

from the in vitro recovery of RBC after the freeze-thaw-wash procedure

multiplied by the 24-hour posttransfusion survival value.13

.9.
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RESULTS

When fresh RBC were autotransfused to 3 monkeys, the "f" factor,

which relates the peripheral venous hematocrit to the total body hemato-
TABLE 1

crit, was 0.90; the T50 was 13.5 days (Table 1 and Figure 1).

Table 2 reports the 2,3 DPG, ATP, P50, potassium and sodium levels TABLE 2

in fresh RBC from 4 monkeys.

Five units of monkey RBC frozen with 40% (w/v) glycerol and stored

at -80 C for up to 42 days had freeze-thaw recovery values of 98.7% and

freeze-thaw-wash recovery values of 87.4% (Table 3). The mean 24-hour TABLE 3

posttransfusion survival value in three of these units after 24 hours

of post-wash storage at 4 C was 84.7% (Table 3).

4Three units of freeze-preserved monkey RBC had T50 values of 13

days (Figure 2). Table 3 also reports levels of RBC 2,3 DPG, ATP, FIG. 2

potassium and sodium, supernatant hemoglobin, and extracellular potassium

on the day of washing.

.5.
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DISCUSSION

Monkey RBC have been satisfactorily frozen with 40% (w/v) glycerol

and storage at -80 C. The mean freeze-thaw-wash recovery value was 87%,

the mean 24-hour posttransfusion survival value was 85%, and the lifespan

value was 13 days.

Monkeys can be used to study new methods of liquid and cryopreservation

of RBC so that the therapeutic effectiveness and safety of the procedures

can be verified before human volunteers are subjected to in vivo studies.
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TABLE 1--Red Blood Cell Volume, Plasma Volume, Total Blood Volume, and

the "f" Factor in the Rhesus Monkey
51Cr 1251 Albumin Total

Monkey Weight RBC Volume Plasma Volume Blood Volume
No. (kg) (ml) (ml) (ml) "f" Factor

1 11.5 257 341 598 0.91

2 12.9 224 364 588 0.89

3 11.8 211 313 524 0.91

Mean 12.1 231 339 570 0.90
SD 0.7 24 26 40 0.01
SE 0.4 14 15 23 0.01
n 3 3 3 3 3

4."

4."
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TABLE 2--In Vitro Measurements of Fresh Rhesus Monkey Blood

RMC 23 H G (BC ATP RB 2 K+ RBC ba RBCP5(uMg b) (uMg b) (mEg/10 RBC) (m 1101z RBC) (mm Hg

Mean 16.0 3.1 7.29 1.27 33.4

SD 0.5 0.6 0.36 0.08 0.7

SE 0.2 0.3 0.18 0.03 0.4

n 4 4 4 4 4
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m FIGURE 1--The 24-hour and T50 values of 51Cr-labeled monkey RBC collected

: tIn acid-citrate-dextrose (ACD, NIH, Formula A). labeled with disodium 51C

i, chromate, and rel nfused withtn 4 hours of collection.
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FIGURE 2--The 24-hour and T50 values of monkey RBC frozen with 40% (w/v)

glycerol and stored at -80 C, washed in the IBM Blood Processor 2991-1 or

2991-2 with sodium chloride solutions, and stored at 4 C in sodium chloride-

glucose-phosphate for 24 hours prior to autotransfuslon.
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